Introduction
Organic electroluminescent devices (OLED) utilizing fluorescent dye or conducting polymer have attracted great interest for flat panel display applications. An additional advantage is that they are for simple fabrication on various kinds of substrate, including polymer and glass substrates, and have the capability of having an integrated optical circuit with OLED and polymeric waveguide. In this paper, we describe the high-speed modulation characteristics of an OLED for the light source of polymeric optical integrated circuits.
Experimental
The OLED consists of an emissive layer of 5,6, 1 1, 12-tetraphenylnaphthacene (rubrene) doped in 8-hydroxquinoline aluminum (Alq3) and a hole transporting layer of 4, 4'-bis[N- (1-naphtyl The device with rubrene doped in Alga emits yellow light centered at 550 nm with the doping concentration of 1 N 6 vol % of rubrene doped in Alg3. Since the polymeric waveguide, which consists of deuterated-polymethylmethacrylate (d-PMMA) and UV-cured epoxy resin for the core and cladding layers, respectively, have low propagation loss at the longer wavelength side, the yellow emitting OLED with rubrene has the advantages of low propagation loss and its high emission intensity. 
Results
In Fig. 2 , voltage -current density and voltage -EL Intensity characteristics of an EL devices fabricated on an ITO (indium-tin-oxide; coated glass and polyamide substrates are shown for EL device which consist of 50-nm-thick Alq~ and 60-nm-thick a-NPD, terminated with silver containing magnesium cathode. Both devices show similar emission and electrical characteristics, and the turn-on voltages of these EL devices are 2.5 V for the both devices. The EL intensity reaches more than 30mW cd/rn2 at the current density of 3 A/cm` for the both devices fabricated on a glass substrate and a polyimide substrate.
The pulsed light generation from the device with Alga / a-NPD has been done. The greenlight-emitting device, however, fail to be driver up-to 50MHz, since the lifetime of the exciton recombination will be more than 10 nsec.
In order to obtain high modulation response with EL device, rubrene doped emissive layer way tested. As is shown in Fig. 3 , the EL device with rubrene doped in Alga shows response of more than 100 MHz at the electrode area of 0.01 mm2. The straight capacitance of the EL device is one of the parameters, which control the response time of the EL device. The electrode area of less than 0.1 mm` needs to operate more than 100 MHz response speed. The OLED is directly driven at the applied voltage of 8 -12 V, and the output light i~ monitored by the APD photo-detector through optical fiber.
The EL device with rubrene doped in Alga show similar modulation characteristics both fabricated on ITO-coated glass and polyimide substrates. Pulse response of OLED directly driven at 100 MHz has been obtained.
The OLED with 4-(dicyanomethylene)-2-methyl-6-(dimethyl-aminostyryl)-4H-pyran (DCM) doped in Alga have similar response characteristics of up to 100MHz, however, the emission intensity is stronger in rubrene doped in Alga than that in DCM doped device. The EL device with Alga as an emissive layer, however, fails to show up to 50 MHz responses, which will be due to the lifetime of the exciton recombination in Alga.
Modulation characteristics and the emission intensity are summarized as follows. For a blue-light emitting device, a-NPD has an emission wavelength of 430 nm, with the emission intensity of more than 40 mW/cm2 has been obtained. The modulation speed of more than 100MHz has been obtained.
For a green-light emitting device, Alga device as an emissive layer shows an emission at 520 nm, with the emission intensity of more than 30 mW/cm2 has been obtained. The modulation speed is limited up to 50 MHz.
For a yellow-light emitting device, rubrene doped in Alga device as an emissive layer shows an emission at 560 nm, with the emission intensity of more than 30 mW/cm2 has been obtained. The modulation speed is more than 100 MHz.
For a red light emitting device, 5,10,15,20 tetraphenyl-21H,23H-porphine (TPP) doped in Alga device has the emission peaks at 655nm and 720 mm The emission intensity of the device showed 4 mW/cm2. The direct modulation speed is obtained more than 100 MHz.
